Bellcomm

wa September 30, 1971 Washinglon, D. G 20024

too  Distribution B71 09032

from: S, H. Levine

subject  In-Flight Calibration of Apollo Telescope
Mount Experiments Operating in the Vacuum
Ultraviolet (VUV) Wavelength Range - Case 620

ABSTRACT

The need for calibration of ATM ultraviolet
experiments is discussed and methods of performing in-flight
calibration of ATM Experiments S082A, S082B, and S055 are
examined.

Data are presented that identify contributing
elements to degradation of experiment results, namely:

1. Optical degradation due to contamination

2. Film degradation due to radiation, tempera-
ture and normal aging processes.

3. High vacuum effects on experiment detectors.
The conclusions that are reached are:

l. Absolute and relative intensity calibratio
for these experiments is necessary based
upon the large data uncertainties that are
time and wavelength related.

2. 1In-flight calibration of these experiments
using other Skylab experiments or instru-
mentation or standard sources and detectors
is either not feasible or not practicable
at this time. Real-time undegraded calibration
data points using rocket instruments appears
to be the only reliable technique available
and practicable.
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Examination of a tradeoff between resupply
of experiment optical elements and detectors,
use of calibration rocket instruments, and
development of a standard UV source for
orbital application on future manned space
flight programs appears to be a worthwhile
consideration.

Consideration should be given to leaving
some of the contamination sampling devices
in the ATM through launch, to be recovered
by EVA at selected time(s) in the mission.
This would provide additional data points
on internal contamination with virtually
no perturbation to the program.
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A study was conducted to examine methods of performing
in-flight calibration of Apollo Telescope Mount (ATM) ultraviolet
experiments. ATM ultraviolet (UV) wavelength experiments in-
clude the S055 - Harvard College Observatory UV Polychromator-

[+
Spectroheliometer operating in the range of from 300 to 1400A,
the S082A Naval Research Laboratory Coronal Extreme UV Spectro-

. [}
heliograph operating between 150 and 625A, and the S082B Naval
Research Laboratory Chromospheric XUV Spectrograph which operates
o

in the wavelength range of between 970 and 3940A.
Attachment I presents in general form:

1. The need for periodic calibration of VUV
experiments

2. Methods of calibrating experiments

3. A survey of ultraviolet illumination
sources for calibration, and

4, Conclusions and recommendations.

The discussion that follows provides background
information and explanation of the presentation material in
Attachment I. This study does not address the subject of
calibration rocket instruments or launch vehicle requirements,
nor does it address the requirement for qualification rocket
flights for the proposed ATM calibration instruments.



UV Absolute Intensity Measurements

Attachment I delineates the goals, wavelength ranges,
optical materials, and detectors associated with the S055 and
S082 experiments.

Equations are shown that identify the parametric
relationships used to describe the physical characteristics of

the Sun.(lo) It can be easily seen that knowing the absolute
intensities and the wavelength distribution of observed
phenomena in the solar atmosphere, much can be learned in
understanding the makeup and physical processes of the Sun.

Reeves(B) and Tousey(l3) have placed the required
accuracy of absolute intensity measurements roughly between

[}
10 and 20% at about 1300A, to adequately confirm solar energy
balance theories and to properly interpret solar structure
and mechanisms.

It should be pointed out that in 1965 the National
Academy of Arts and Sciences - Space Science Board stated,(12)

"The solar intensity distribution is thought

to be determined from photographic spectra

with an absolute accuracy of +10% from 3000
]

to 2500A. At shorter wavelengths the accuracy
gradually deteriorates to perhaps +20% and to

o
+50% at 1300A ..."
[+]
"From 900 to 170A, the most accurate measure-
ments are those of AFCRL (Hintereggar, et al.)

made photoelectrically." (The accuracy in this
range probably falls by about a factor of 2 or 3)

Experiment History

After manufacture of ATM UV experiment components,
the experiment is assembled, checked out, calibrated against
sources of known intensity and wavelength distribution, and
then undergoes rigorous acceptance testing. Delivery to MSFC
is followed by mounting of the experiments and other components
on the ATM spar, completion of spar wiring activities, experi-
ment checkout, and experiment alignment. The ATM experiment
package canister is completed and the pointing control system
gimbal rings are added to the assembly. Subsequent to these



necessary processing steps, the total ATM is assembled into a
functioning spacecraft and post-manufacturing checkout is per-
formed to eliminate system "bugs" and verify that all systems
are functioning properly. At this time simulated mission
vibration tests are conducted at MSFC. The ATM is then shipped
to MSC, where thermal vacuum tests are performed on the entire
system. These tests include simulated mission tests in the
presence of mission environmental extremes. Thermal vacuum
tests are followed by delivery of the ATM to KSC by the "Super-
Guppy" aircraft and commencement of pre-launch processing prior
to and after integration with the rest of the SL-1 space vehicle.

It is estimated that at least 2 to 2-1/2 years will
expire between the birth of ATM experiment hardware (i.e.,
fabrication and calibration of optics, etc.) and the flight
of SL-1. An additional eight months of lifetime in orbit
will bring the age of the system to approximately three years.

Because of the inaccessibility to experiment optics
and detectors after ATM assembly and the requirement for a
vacuum environment for operation in ultraviolet wavelength

[+
ranges below 3000A, only a token check of experiment cali-
bration drift can be performed during this complex processing
of the flight Apollo Telescope Mount and this is done in the
MSC Vacuum Chamber prior to shipment of the ATM to KSC.

Calibration Drift

Recovery of the absolute characteristics of the
observed phenomena must be the desired objective of any
scientific program. Much has been written in regard to the
change of characteristics of ultraviolet experiment equipment
and scientfic data with time. These changes tend to mask and
distort the data obtained by the instrument and thus may lead
to misinterpretation of flight results, or in severe cases,
the total loss of scientific data.

Several changes in characteristics of UV instruments
that have been observed and recorded during the life of scien-

tific experiments are of particular concern to Skylab. These
include:

l. Optical degradation - Optical efficiency
changes occur when UV experiment optics are
exposed to contamination sources, especially
in the presence of ultraviolet radiation.




2. Film degradation - Sensitivity changes occur
and latent images degrade in the presence of
radiation, and heat, and from normal film
aging processes.

3. Photoelectric sensor yield degradation -
Response characteristics of photomultiplier
detectors change with time in the presence
of contaminants and in very high vacuum
environments.

These changes are, for the most part, additive, very
wavelength dependent, and not very predictable. Periodic cali-
brations must be performed throughout the life of the ATM ultra-
violet experiments to eliminate these and other data uncertainties.
Since these processes are generally non-linear, the frequency of
calibration and the points at which calibration are conducted
become a very important aspect in the proper adjustment and
interpretation of scientific data. This is especially true
when considering very long experiment lifetimes, in uncertain
and generally hostile natural and induced environments, as in
Skylab. Linear approximations for very widespread calibration
data points may lead to unacceptable inaccuracies in the
corrected experiment data.

Reflectance Changes in UV Optics

The performance of optical materials in space may
degrade because of much the same environmental factors that
affect other spacecraft materials. Sublimation, decompo-
sition, and offgassing of spacecraft materials in the high

vacuum environment of space (v10 8 torrs) may result in de-
position of contaminants on optical surfaces and attendant
degradation in reflectances of these materials. This is

of particular concern in normal incidence scientific instru-
ments (similar to S082 and S055 experiments) that operate in

the extreme ultraviolet (XUV) range (between 100 and 2000R)
where optical efficiencies are very low at best. Figure 6
shows optical efficiency curves for aluminum overcoated with

magnesium fluoride,(l) and for gold and platinum optics(s).
Optical elements using these types of coatings are particularly
suitable for extreme ultraviolet spectroscopy because of their
relatively high reflectance on the far side of the extreme

-]
ultraviolet wavelength range short of 1050A., For all wave-
[
lengths below 1000A the peak optical efficiency is about a

o
factor of four lower than for wayelengths above 1200A whgn
using a mirrer coated with ~1000A of aluminum with a 250A mag-
nesium fluoride overcoat (+S082 experiment mirrors).



Generally speaking, platinum or gold coated optics
(Figure 6)(5) are preferred to Al+MgF2 for wavelengths below

10002 and are, indeed, used by HCO.on the S055 experlment-

however, the latter may be selected if there is too much in-

convenience in changing out optics when sw1tch1ng experiment

?perat%on from long XUV wavelength (>1000A) to short wavelength
<1000A4)

Reflectance measurements on contaminated XUV-type

(<]
optics display marked degradation at wavelengths above 800A
when compared to measurements taken on clean optical samples
of the same variety. Coupling the already low reflectance in
in these lower wavelengths (approximately 20%) and the dimness

of source of the sun in wavelengths below 1000A, where the
fraction of the total solar radiant energy is approximately

.000001, (2) any reflectance change in the downward direction
will result in significant effect on the scientific data ob-
‘tained by the instrument, possibly even the total loss of
important solar data. Reeves has shown that even where class 100
clean-room precautions were enforced in the storage of platinum
coated optical samples, where exposure was limited to cleaned
and filtered atmosphere and UV radiation over a six-month period,
the reflectance dropped off by as much as a factor of 1.6 for

°o
wavelengths above 1100A (Figure 1l). It should be noted that

the presence of UV radiation aggravates optical contamination

by increasing the adsorption properties of the surface material.
It has been shown that cleaning a surface after UV photon ex-
posure will not restore the original optical reflectance prop-
erties of that surface. Data from 0SO-IV (HCO) and 0OSO-V (NRL)
unmanned satellite programs similarly confirms optical degrada-
tion that was attributed to contamination effects an ultraviolet
optical elements. Figure 2 demonstrates the method by which
optical efficiency correction curves were developed by Harvard
on the 0S0O-1IV mission. A monitor mirror of the same variety

as the flight instrument's mirror was installed in the optical
path of the experiment five weeks prior to flight, at the time
the system was assembled. The sample mirror experienced the
same environmental history as the flight system until it was
removed from the experiment a few hours before lift-off. Measure-
ments taken on the mirror sample revealed marked reflectance
degradation over the data taken prior to installation on the
experiment, particularly in the wavelength range above 700-800A.
It should be pointed out that since there was no access to the
0SO spacecraft optics after launch, post-launch optical changes
can only be inferred from total recorded data degradation that
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may have resulted from optical as well as other system deterioria-
tions (e.g., signal variations, instrument response changes,

duty cycle effects, fatigue effects, intermittance effects,

noise internal and external to the system).

Several conclusions can be reached from close exami-
nation of Figures 1 and 2:

1. Optical degradation from contamination is
wavelength dependent.

2. Major changes in the reflectance of platinum,
attributable to contamination, occur at wave-
lengths in the UV above 800A.

3. Even under ultraclean environmental conditions,
optics may degrade. Platinum reflectance de-
graded substantially after six months of class
100 -clean-room exposure, while ATM experiment
optics will be exposed to about 2-1/2 years
of class 10000 clean-room exposure.

4, Both platinum samples exhibited roughly
the same level of degradation whether
exposed to contamination for five weeks
or six months. Assuming all other things
being equal, it appears that the largest
degree of degradation may occur during the
first five weeks of exposure. To affirm
this conclusion, of course, a larger statistical
sample is required.

Precautions are being taken on Skylab to observe and
return large quantities of data on the contamination environ-
ment external to a large earth orbiting manned spacecraft.
The T027 experiment will return optical samples (including
ATM type optics) that have been exposed to the environment
near the orbital assembly (0A), a very sensitive photometer
on T027 will record the light scattering environment near the
OA, as will the S052 ATM coronagraph. Cold cathode pressure
gauges will be mounted within ATM that will monitor pressure
buildup in the ATM experiment package, and quartz crystal
microbalance devices on the ATM and on the T027 experiment
will measure deposition of contaminants with good time reso-
lution. Although these instruments will provide a wealth of
information about the optical environment external to the



Al

spacecraft, localized contamination effects on experiments
from outgassing products and other spacecraft effluents may
not be known with any great accuracy. '

As in the 0SO program, mirror samples will be
installed within the ATM experiments package to determine
the pre-flight processing effects on the reflectance of
optics. The Skylab approach, however, will allow samples
to be retrieved periodically, at various steps in the pro-
gram, and thus should give a reasonably accurate time history
of prelaunch optical contamination. Should particular phases
of the processing reveal inordinately large optical degradation
when compared with other phases, additional resources will
undoubtedly be focused in rectifying the problem and in clean-
ing up the contributing elements on future programs. One
further step should be taken on Skylab in acquiring data on
contaminant deposition on ATM optical elements. Using the
previously discussed capability for prelaunch retrieval of
ATM optical contamination samples, monitor samples should be
emplaced in the experiment package at the latest possible
time in prelaunch space vehicle processing and removed during
the normal extravehicular astronaut film retrieval activities
in orbit. Extending this capability to in-flight sample re-
trieval would cause little impact, but would provide data that
may help identify ATM localized optical degradation. This would
provide information on contaminant consistencies and abundances
with some time resolution. Although it would be highly de-
sirable to incorporate such samples within the individual ex-
periments, such implementation is not possible at this time
in the program.

Yield Degradation of Photoelectric Devices

The S055A experiment will photoelectrically record
solar characteristics using open channel photomultipliers of
the Bendix Continuous Channel Electron Photomultiplier (Chan-
neltron) variety. Experience on comparable experiments with
similar photoelectric detecting devices on unmanned satellites
has shown unpredictable degradation in photomultiplier gain

that is both wavelength and time dependent;(lS’ 4) It has
been theorized that this degradation may be linked to depo-
sition of spacecraft outgassed products on the photocathodes
of these deviced and also to the effect of prolonged exposure
to the hard vacuum of space that ultimately causes a "clean-
up" or "scrubbing" effect on the more weakly bound condensed
contaminants.



Reeves has shown(4) that sensitivity changes occurred to the
Harvard photomultiplier on OSO~IV shortly after the instru-
ment was turned on in orbit and it continued to deteriorate
until the degradation stabilized after approximately four
weeks of operation (see Figure 3). Changes in sensitivity

-]
at wavelengths longer than 970A increased by about a factor
of 6 after about a week of instrument operation in orbit and
then stabilized at about three times the initial level after
a month of operation. For some wavelengths in the range be-

o

low 850A the photomultiplier was observed to behave in an
opposite sense, the sensitivity of the instrument dropped by
a factor of about six after about a week of operation and
then stabilized at a level of about 3.5 below the original
intensity some two weeks later. In short, the wavelength
sensitivity increased at longer wavelengths and often de-
creased at shorter wavelengths. Hintereggar reported similar

intensity degradation on OSO-III.(IS)

Madden has shown(l4) in the laboratory that very
clean tungsten photocathodes have photoelectric yields which
are sensitive to even monolayers of contamination and that
different effects are exhibited by different contaminating
gases (see Figure 4). Therefore, it is to be expected that
the typical complex outgassing products from a spacecraft
may result in dramatic changes in both magnitude and wave-
length distribution of photoelectric yield. Madden's group

also showed(l4’ 16) that the scrubbing effects of high vacuum
will alter the yield of photoelectric devices coated with a
stabilized layer of contamination. This cleaning effect
results in substantial dropoff in photoelectron output at
wavelengths below 1000A.

As part of the Skylab Ground-Based Astronomy Program,
the Optical Physics Division of the National Bureau of Standards

has been awarded a contract(g) to continue investigating the
effect of the removal or addition of monolayers of contaminating
substances (simple hydrocarbons will be used) on the performance
of tungsten photocathodes. These tests will be conducted in

[+]
vacua of 10—10 torr, over the wavelength range of 500 to 1500A.
This study will determine the contribution of surface contami-
nants to the yield of photoelectric devices and should help
greatly in the proper interpretation of orbital changes or in
the adjustment of surface materials of similar photoelectric
detectors.



Photographic Film Degradation

The NRL S082A and S082B experiments record solar
phenomena on photographic film of the Kodak SWR (Short Wave-
length Radiation) variety. Film response is characterized
by the well-known H&D (Hurter and Driffield) curve that is a
plot of the loglO of fogging density (or opacity) vs. the

log10 of exposure. This familiar S-shaped curve is different

for each film and is known to change in time with temperature,
radiation, humidity, pressure, and age, among other things.
Curve changes are represented by a rise in sensing threshold,

a lateral displacement, twisting or distortions, or combina-
tions of these effects. Figure 5 shows the types of degradation

that can occur to film characteristics.(l7) Such distortion to
film characteristics may alter interpretation of the signal
strength of the observed phenomena, change the spatial resolu-
tion of the data, or in more drastic cases completely destroy
the recorded observation. Absolute calibration provides a
necessary gauge for interpreting that which is genuine signal
strength and that which is noise in the recorded data.

Calibration Techniques

This study was undertaken to determine whether there
were means available that would allow on-board calibration of
ATM UV instruments in place of a costly complex calibration
rocket program.

Four basic approaches to calibration have been
investigated; namely, use of:

1. Another Skylab experiment operating in
the same ultraviolet wavelength range
for calibrating ATM experiments,

2. A standard light source of kpo*n
: characteristics for calibrating ATM
UV experiments,

3. A standard detector for comparison against
ATM UV experiment recorded data, and

4., Fresh calibration rocket instruments '
observing the same phenomena anq comparing
recorded data with ATM UV experiment data.
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Attachment I identified a general evaluation of

the various approaches. The reader is directed to the

literature

5,6,7,8; 18
(5,6,7,8, 18) for further information relative to the

available sources and detectors since comprehensive discus-
sion of the characteristics of these equipments would be far
too detailed for this memorandum.

Some general observations can be culled from the

information on calibration techniques provided in Attachment I:

1.

All instrumentation on board the orbital
assembly may undergo changes similar to
the ATM UV experiments, in the presence of
the hostile space environment and normal
aging processes of the system.

Other UV experiments on Skylab are
sufficiently different from ATM experi-
ments from an optical and detector
standpoint, to make them unusable for
calibrating ATM ultraviolet experiments.

It is not feasible to observe stellar
sources of known intensity with ATM
instruments because the accuracy of the
vehicle pointing control system and the
sensitivity of the on-board television
display is insufficient for locating a
star within the field-of-view of the S055
or S082 experiments. In addition, the
point source would not fill the experiment

slits (5 Set x 5 fed for S055 and 2 §e& x

60 Sed for S082B), nor would the fixed
exposure times of ATM experiments be com-
patible with stellar light levels.

Incorporation of artificial light sources
internal to the ATM canister is not possible
at this stage of the program. Consideration
of artificial light sources external to the
ATM is impractical.

Detector standards are not practicable
because they are complicated to use, must
be calibrated themselves, and require other
sources and detectors for comparison.
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No stable practical artificial sources are
available that cover a sufficient UV wave-
length range, are flight qualified, or are
generally usable in other than the confines

of a controlled laboratory. The only acceptable
established standard for radiation from the XUV
to the IR is the synchrotron which is a ground-
based facility.

Absolute intensity calibration in the controlled
laboratory with accepted light standards in itself
is probably accurate, at best, to about 10 or 15%

-]
in the wavelength range above 1000A.

The National Bureau of Standards has recently

been commissioned to develop a stable Hydrogen
Continium Standard that will cover the extreme
ultraviolet range through to visible radiation,

[+]
500 to 50002, with sufficient intensity levels.
This standard will, hopefully, be available for
calibrating ATM UV calibration rocket experiments
in the latter part of 1972 and during 1973. The
feasibility of using a mature integrated version
of this source for future manned space experiments
operating in the ultraviolet wavelength range
(e.g., Skylab B, Shuttle, etc.) should be explored.
It should be pointed out that several obstacles
to this approach exist, namely:

a. The standard will degrade in orbit.

b. The standard must be periodically
calibrated.

c. Sizable power supplies are required
to support the operation of this
device.

d. The use of hydrogen is hazardous,
particularly with an open-windowed
free flow device, required for wave-

o
lengths below 1050A.
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e. The susceptibility to voltage break-
down of experiment high voltage power
supplies in the presence of free
flowing hydrogen increases markedly
even with incorporation of a differen-
tial pumping system to direct the
vapor flow.

A tradeoff is required that compares development and implemen-
tation of a flight ultraviolet light standard source with
calibration rocket flights and also against resupply missions
that include replacement of aged and degraded UV optics,
photoelectric detectors, and film in lieu of UV data calibration.

A Lo

1025-SHL-pal S. H. Levine

Attachments
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FIGURE 3, SENSITIVITY CHANGES IN THE

HARVARD COLLEGE OBSERVATORY
INSTRUMENT ON 0OSO-1IV

(REEVES, ET AL., MAY 1970)



FIGURE 4.
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ATOMICALLY CLEAN POLYCRYSTALLINE TUNGSTEN AT 2700°K

AND 1 TO 2 X 10—10 TORR IS EXPOSED TO SMALL CONTROLLED

AMOUNTS OF CONTAMINATING GASES. PHOTOELECTRON CURRENT

_OUTPUT 1S NORMALIZED TO MEASUREMENTS ON CLEAN TUNGSTEN

TAKEN AT 2700°K AND 10 0 TORRS. (MADDEN, ET AL., 1968)




FIGURE 5. ENVIRONMENTAL DEGRADATION OF PHOTOGRAPHIC FILM

PANATOMIC X {TVPE 34000
8° P FOR 28 DAVS
LXPOSED PRION TO STORAGE

RELATIVE HUMIDITY
EFFECTS ON LATENT
sl IMAGE

PANATOMIC-X
(TYPE 4400) E .
1MEV X-RAYS

STANDARD
6°F, <SONRMS

DENSITY
N

CONTROL

RADIATION EFFECTS
ON FILM RESPONSE

LOG lOE (ITI.C.S)

®0°F
M 0114 e
20% RM. FOR 28 DAYS ,' 100" F
EXPOSED PRIOR TO STORAGE ','
t,.
2}
§.
1M
(]
, .
a TEMPERATURE EFFECTS
,//.’/ ON LATENT IMAGE
o 1 ! ! ! 1 ! ! | ! 1
[ ] 3 4 E 12 15 . a1 24 a7 R Y




YIVd TUVAWOD 3 (WALSAS aIAAVIDIA) WALSAS
WIY JHI ANV (NOILVYAY¥O9dd ON) WALSAS

HSTId HLIM NAS HAYASHO ATSNOANVILINWIS

HOUN0S TYOIWONOYLSY

NOILYAYIS80 FNYS
dURL3T AL INYS
S1Ld0O JFd AL INVYS

(2)

*gDO¥N0S AWYS HNISN (WALSAS qIAVIDHIEA)

¥IVA IHOITA HLIM (WAILSAS HSHYA NO) NOISSIW
AHL FY0439 QINIVIEO VIVA HIVAWOD ‘LNIAW
-NYISNI FHL J0 IONVY HIONITHAVM TINd HHL
¥AAO ALISNAINI NMONM 40 HOYNOS HAIAYLS HASM

J0¥N0S IVIDIJAILYEVY

ALISNZLNL NMOWA
- 373005 1HDH

| /
(walsAe "W ~Y

nwa.&umnu Y~

—

(T)

SAOHLIAW °4



ﬁ SHTAVIYVYA WIId ODIHAYYDOLOHd e

TVIWIHHI @

NOILVIQYY @

A SLOdJdAd AN @

SYOSNAS ® SDOILdO 40 "WYINOD @

NOILIOIY WG

(2)3 = '(SIONOS NOIIVAVEDIA NMONM) {

<

HIONATIAVM Jd0

NOILONAA ¥ SV ALISNAINI
IATIVIZY ANV FLNTOSEY

|
T =6 -
1242377 Wiv
OLOHL # I1MHdYY 50 LOK \

“VAVYT MVI NOISSIIN
JSANIWIIIdXT LY

-- g0L HHL ‘Y

¢MOH -- NOILVILITVD




SUZ+TY¥+SUgz+TVY
-~ ONIIVYD °dSIaddd

ABW+TY+TY
-— ONIIVY¥D °*d4SIaddd

IBN+TV+TVY
-— HNIILVED NIVW

[4

4

Yov6E - OV6T

YOL6T - 0L6

(XISNOL)
CAOWH+IVY —-- HOUUINW HAYYOH0UIDIIS
dMS WIIJ —— FADONAAIDNI TYIWION ANX DIYIHASOWOIHD €4z80S
¥S29 - 0ST
aarngd a1od - HSNILVYD (X2SNn0L)
ANX HAYYODOITHH
UMS WIIJA IONFAIONI TYWAON -0dI03AdS TYNOY0D ¥Z80S
HNIILVED-ATTINT dTI0D Y00¥T - 00€
SYATTIILTINNOLOHA WAIATIENI 8 WANILV'Id (99d47109)
-- (L) SYAITAILINN -— JOUYINW YILAWOITIHOILDAAS
NOYLOATHA TANNVHO NAJO —— FAONAAIDONI TYIWION JOLYWOYHIXTIOd AN GG0S

ddAL d05O0dLHA

ddAd SOILdO

HTLIL

SOILSTYHLOVIVHD TVYOISAHd

SINIWIYIdXH WLV

‘ON LNIWIY¥HdXH




GRAZING INCIDENCE OPTICS

§ NORMAL INCIDENCE OPTICS
T —
g e T—l—‘ - ‘-df’
; N
L

WAVELENGTH (])

Measured reflectance of an Al + MgF, mirror from 300 3
t0 1600 . The MgF, thickness is 250 1.

(W. Hunter & G. Hass, 1971)

V17111 T
w20 Platinum -
3
g8 C i
& 101 —~
ol v 1oy T
400 600 800 1000 1200 1400 1600
.Wavelength (A)

Normal incidence reflectance of Au and Pt as a function of wavelength. .

(J. A. R, Samson, 1967)

FIGURE 6. REFLECTANCE OF ATM-TYPE OPTICAL ELEMENTS
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Table 1

VACUUM ULTRAVIOLET LIGHT SOURCES

Continuum Line Spectra
H, GLOW DISCHARGE e COLD CATHODE GLOW DISCHARGE
RARE GAS GLOW DISCHARGE DC GLOW DISCHARGE
CONDENSED SPARK HUNTER LAMP
MICROWAVE EXCITATION HOLLOW CATHODE - SCHULER LAMP
MICROWAVE CAVITY e HOT FILAMENT ARC DISCHARGE
FLASH TUBE e DUOPLASMATRON
SYNCHROTRON e MICROWAVE OR RF GLOW DISCHARGE
BREMMSSTRAHLUNG -- X-RAY TUBE o CONDENSED SPARK
CARBON ARC

® LOW PRESSURE MERCURY ARC
LOW CURRENT ARC

HIGH CURRENT ARC e CADMIUM AND ZINC ARCS
® PHOSPHORS - CaF

NaBr + AgCl

COMPACT OR SHORT ARCS NaCl + AgCl,

HYDROGEN OR DEUTERIUM ARC
Xe/Hg, Xe, OR Hg ARCS ® CERENKOV SOURCES

2’

ZIRCONIUM CONCENTRATED ARC ® LASERS
ARGON VORTEX STABILIZED ARC

INCANDESCENT SOURCES
BLACKBODY SOURCES
QUARTZ - IODINE TUNGSTEN COIL
TUNGSTEN RIBBON
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Subject: In-Flight Calibration of Apollo Telescope
Mount Experiments Operating in the Vacuum
Ultraviolet (UV) Wavelength Range - Case 620
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